DART (Direct Analysis in Real Time)-MS is a novel mass spectrometric ion source, and allows the analysis of most compounds at ambient pressure and ground potential by producing [M+H] + molecular ion species. Using this method, we examined the compounds characteristic of several kinds of licorices. For the analysis of Glycyrrhiza inflata Batalin, the peak at m/z 339 originates mainly from [M+H] + of licochalcone A (LA), a species-specific compound. This peak was hardly detected in G. glabra Linné and G. uralensis Fischer. These results indicate that G. inflata can be differentiated from the other two species by detection of LA peaks using DART-MS analysis.
Mixture analysis has gained attention as a useful method to obtain exhaustive information about materials. It is beneficial that new concepts of analysis can be developed, different from those involving fractionation and isolation. Thus, the structure can be more easily analyzed by virtual separation, as typified by DOSY (diffusion-ordered nuclear magnetic resonance spectroscopy) in mixed compounds. Use of this methodology requires minimal processing to isolate and purify the sample, which is advantageous in various respects. So far, mixture analysis involving a combination of NMR and MS for the investigation of counterfeit pharmaceuticals has been reported by Nyadong et al. [1] .
Herein, we report the utility of DART (direct analysis in real time)-MS as a tool for mixture analysis to examine samples easily with less preparation.
DART is a new mass spectrometric ion source and is performed in the open air under ambient conditions [2] without subjecting the samples to ionization under vacuum as for previous MS techniques. In DART-MS, heated metastable helium gas reacts with atmospheric water, creating [M+H] + cation adducts in positive mode, resulting in fewer cleavage reactions. Therefore, the detected peaks reflect the molecular weight of each compound. Combination TOF (time-of-flight)-MS affords selectivity and accurate elemental composition assignment of individual compounds.
Although ESI-LC-MS also has the same characteristic detection of peaks reflecting the compounds, DART-MS allows the analysis of samples in the gaseous, liquid and solid states with minimal preparation. Therefore, an index compound can easily be detected without preprocessing the samples. This property of rapid detection becomes the basis for the first screening.
Previously, the identity and characteristics of the anti-viral components of an elderberry fruit extract coupled with a direct binding assay [3] , and alkaloid profiling of hairy root culture of Rauvolfia serpentina [4] have been reported. Non-controlled, psychotropic plants of abuse were investigated with DART-MS [5] . However, in the field of natural products chemistry, practical tests are still largely unknown, and so we have investigated the application of DART-MS to natural products. Licorice is the roots and stolons of some Glycyrrhiza species, and it has been used as a sweetener and in pharmaceuticals. Additionally, it is widely used in traditional folk medicines. Generally speaking, species identification of Glycyrrhiza is made by morphological characteristics, but, in some cases, morphological features and constituents are not concordant because of interbreeding.
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Although species identification of Glycyrrhiza by gene analysis has been developed [6] , it turns out that most species identification is accomplished by morphological features and chemotyping [7] . Glycyrrhiza inflata Batalin, G. glabra Linné, and G. uralensis In our laboratory, Glycyrrhiza species have been identified from morphological characters and by HPLC analysis. We confirmed species-specific components and compared the peak patterns of known species. Previously, Xinjiang licorice purchased from the Khotan district of Xinjiang Uyghur Autonomous Region was identified as G. inflata. Using this and other identified licorices (G. glabra and G. uralensis), we examined the utility of detecting species-specific substances in dried and ground roots and stolons by DART-MS for species identification. Powdered plant materials were analyzed by placing them in the gap between the DART ion source and the mass spectrometer detector for measurement.
In the DART-MS fingerprint of G. inflata, a peak at m/z 339 was assigned to the [M+H] + of LA by accurate mass analysis. The observed and calculated values for this peak were 339.16121 and 339.15963, respectively, Application of DART-MS to Glycyrrhiza species Natural Product Communications Vol. 5 (11) 2010 1757 and the error between them was 1.58 mmu. The DART-MS of the LA standard shows one extremely abundant peak, but no other notable ones.
LA comprised 1.6%, w/w, in the G. inflata sample analyzed. Previous reports indicated that there were only a few other compounds with the same molecular weight in this species, and these are present in low concentration: xinjiachalcone A, 1.4×10 -3 %, w/w; and licochalcone C, 0.11%, w/w. Therefore, the peak at m/z 339 is attributed to the [M+H] + of LA. As a peak at m/z 339 was hardly detected in G. glabra and G. uralensis, this was indicated for the identification of G. inflata.
On the other hand, GB and GC were not identified in the DART-MS spectral data for G. glabra and G. uralensis under these analysis conditions. In order to investigate why the index compounds were not detected, a GB standard was subjected to the same analysis. The peak of the protonated GB was identified and this peak corresponded with the estimated composition formula by accurate mass analysis. In a previous report by Hayashi et al. [8] , the speciesspecific substances in the dried roots were LA, 0.64%, w/w; GB, 0.11%, w/w; and GC, 0.20%, w/w. Compared with LA in G. inflata, the amount of GB and GC in the other two species seems to be small, and thus thought not to be detected. G. glabra and G. uralensis can be distinguished from G. inflata based on the small resultant peak at m/z 339.
The purpose of this study was to investigate how precisely natural products can be analyzed when in a mixed state. In this paper, only milled materials were analyzed by DART-MS. A method requiring less processing will make it easier to analyze samples in this way. Another significant aspect of this particular mixture analysis is the reduction in cost and labor. Minimizing errors during preparation affords reliable experimental results. Future directions of research will be to expand the analysis to various fields, including medicine, food, natural products and others. Glycyrrhiza species have been identified from morphological characters and by HPLC analysis, described as previously [9] .
Experimental
All materials were freeze dried and ground prior to DART-MS analysis.
DART mass spectrometry:
All experiments were performed using a JMS-T100TD (JEOL Ltd., Japan) orthogonal TOF-MS with a DART ion source. The DART source used helium gas at a flow rate of approximately 3 L/min. The gas heater was set at 300°C. The mass spectrometer was operated in positive mode. The orifice 1, ring lens and orifice 2 potentials were set at 35, 8, and 5 V, respectively. The detector voltage was set to 2100 V, and the ion guide potential was 500 V. Mass scale calibration was performed with polyethylene glycol of average molecular weight 2000 (PEG 2000) . Data acquisition was taken from m/z 60 to 800.
